Congenital insensitivity to pain with anhidrosis (CIPA) is an extremely rare autosomal recessive disorder characterized by insensitivity to pain, inability to sweat and intellectual disability. CIPA is caused by mutations in the neurotrophic tyrosine kinase receptor type 1 gene (NTRK1) that encodes the high-affinity receptor of nerve growth factor (NGF). Patients with CIPA lack the primary afferents and sympathetic postganglionic neurons leading to lack of pain sensation and the presence of anhidrosis, respectively. Herein, we conducted a genomic analysis of 4,811 genes and 18,933 variants, including 54 mutations of NTRK1 in a high-altitude indigenous Ecuadorian patient with CIPA. As results, the patient presented 87.8% of Native American ancestry, 6.6% of African ancestry and 5.6% of European ancestry. The mutational analysis of the kinase domain of NTRK1 showed two pathogenic mutations, rs80356677 (Asp674Tyr) and rs763758904 (Arg602*). The genomic analysis showed 68 pathogenic and/or likely pathogenic variants in 45 genes, and two variants of uncertain significance in CACNA2D1 (rs370103843) and TRPC4 (rs80164537) genes involved in the pain matrix. The GO enrichment analysis showed 28 genes with relevant mutations involved in several biological processes, cellular components and molecular functions. In addition, the protein-protein interaction (PPi) networking analysis showed that NTRK1, SPTBN2 and GRM6 interact with several proteins of the pain matrix. In conclusion, this is the first time that a study associates genomic, ancestral and networking data in a high-altitude Native American Ecuadorian patient with consanguinity background in order to better understand CIPA pathogenesis.
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INTRODUCTION
Congenital insensitivity to pain with anhidrosis (CIPA), also known as hereditary sensory and autonomic neuropathy Type IV (HSAN-IV) (OMIM #256800), is an extremely rare autosomal recessive disorder that belongs to the HSAN family which are clinically and genetically heterogeneous disorders characterized by axonal atrophy affecting the sensory and autonomic neurons (1, 2) . HSAN-IV is characterized by recurrent episodes of unexplained fever, absence of reaction to noxious (or painful) stimuli, self-mutilating behavior, complete anhidrosis, variable degrees of intellectual disability(3), humoral immunodeficiency(4), palmoplantar keratoderma (5, 6) , and early onset renal disease (7) . This condition occurs with an incidence of 1 in 125 million newborns (8, 9) .
Brain regions with pain perception are complex and have been best described as a pain matrix (10, 11) . According to Foulkes et al (2008) , it consists of four phases in which different genes/proteins are involved (11) . Nerves inside the skin have the ability to transmit the sensation of heat, cold and mechanical stimulation; Na + and K + channels drive nerve stimuli; the synaptic transmission occurs in the spinal cord via neurotransmitter receptors and Ca 2+ channels; lastly, central, peripheral and microglia modulation occurs in brain (11) . Nevertheless, patients with CIPA may present genetic alterations causing functional disruption in one of these pain matrix phases.
Only some hundred of cases of CIPA have been reported worldwide (8, 12) . The first reference to a similar pathology was mentioned by Dearborn in 1932 (13) , and it was published in 1963 by Swanson(14) . Tunçbilek et al (2005) determined three clinical representative findings: insensitivity to pain, inability to sweat and intellectual disability (15) . associated CIPA pathogenesis with genetic loss-offunction mutations of the NTRK1 (neurotrophic receptor tyrosine kinase 1) gene (16) . Grills and Schuijers (1998) postulated that nerve growth factor (NGF) function disruption also causes an altered process of fracture consolidation (17) . Indo et al (2001) determined that CIPA is not only an autosomal recessive disorder, but also a uniparental disomy (18) . NTRK1, also known as TRKA, is located on chromosome 1q21-22 and encodes the neurotrophic tyrosine kinase-1 receptor, which is autophosphorylated in response to the NGF, thus, activating various pathways of intracellular signaling transduction such as cell growth, differentiation and survival (1, 27, 32) . These signal transduction pathways mediate innervation of the skin by sensory and sympathetic axons(33). Additionally, anhidrosis is explained by the lack of the sympathetic postganglionic neurons, and the pain insensitivity is caused by the absence of the NGF-dependent primary afferents (1, 34 tendon reflex and absence of corneal reflex. Additionally, it was observed that there was a 1-centimeter dermal ulcer, with regular edges on the proximal and distal phalange of the first finger of the right hand, and lesions in healing process on the second finger; consequently, with general anesthesia, a skin biopsy of the sternal region was carried out. The results showed superficial and deep dermis with some cutaneous appendices constituted by hair follicles and sweat glands that in multiple cuts have no innervation zones, which can be corroborated since the mother presents absence of perspiration. The immunohistochemical staining test for nerve fibers with S100 protein was negative ( Additionally, a cytogenetic test was performed, resulting in normal karyotype 46, XX ( Fig 1c) .
As for the family background, a sister of the patient passed away at 18 months old after developing fever of unknown origin. Fig 1d details the genealogical tree, and consanguinity between relatives of both parents. Ancestry informative markers. The admixture analysis comparing the family under study with the reference population gave us a result that Native American ancestry is the most prevalent with 84,6%, followed by European ancestry 11,1% and lastly African ancestry with 4% (Fig 2a and 2b) . On the other hand, the principal component analysis displayed in the first two components 39.35% of the variance. There is a clear separation with Africans and Europeans, being the family members into the Native American cluster (Fig 2c) . Regarding parents, both have the heterozygous genotype G/T of the pathogenic mutation rs80356677. That is, there is a pattern of autosome recessive inheritance ( Fig   3a) . In regard to the protein structure of NTRK1, the rs80356677 (Arg674Tyr) mutation is located in the activation segment, which is phosphorylated in protein kinases to activate its function (Fig 3b) .
RESULTS
Genomic DNA analysis and the pain matrix genes. Table) .
The enrichment analysis of GO terms related to biological processes, cellular components and molecular functions was carried on in 45 genes with pathogenic and likely pathogenic variants using DAVID Bioinformatics Resource(41). Only 28 of 45 genes were involved in almost one of the categories showed as a heatmap in (41) . The MFs with the highest number of active genes were ATP binding and calmodium binding (Fig 4) . The function of all these genes is detailed in the S3 Table. After the DNA genomic analysis performed on CIPA patient, three pain matrix genes presented four variants. NTRK1, which acts on the modulation of the nervous stimulus, mutation is located in the α -D-helix (Fig 3b) . The CACNA2D1 gene, which acts in the synaptic transmission through Ca 2+ channels, presented the VUS rs370103843 (c.659-3delT) that is a splice region variant / intron variant located on chromosome 7 and consists of a TTT deletion. Lastly, the TRPC4 gene, which acts on the mechanical transduction of the nervous stimuli, presented the VUS rs80164537 (c.379-3delT) that is a splice region variant / intron variant located on chromosome 13 and consists of a TTT deletion ( Fig 5) . The full list of the pain matrix genes is detailed in the S4 Table. Networking and the pain matrix genes. Fig 6 shows a PPi network with a high confidence of 0.7 created using String Database (42) . This network was made up of known and predicted interactions between genes with pathogenic and/or likely pathogenic variants and the pain matrix genes. As results, three genes with pathogenic and/or likely pathogenic variants (NTRK1, SPTBN2 and GRM6) were associated with several genes of the pain matrix. NTRK1 interacts with NGF, BDNF and TRPV1.
GRM6 interacts with CNR1, DPRD1, CNR2, BDKRB2, OPRK1, BDKRB1, OPRM1 and CX3CR1. Lastly, SPTBN2 interacts with SCN1A, KCNQ3, KCNQ2, SCN11A, SCN10A, SCN8A and SCN9A.
DISCUSSION
CIPA (HSAN-IV) is a painless severe genetic disorder associated with overwhelming complications, often leading to lethal consequences (1) . Since the first report on this pathology mentioned by Dearborn in 1932 (13) and published by Swanson in 1963(14) , only a few hundred of cases have been reported worldwide. Each of these publications has provided a significant contribution to better understand the clinical and genetic aspects of this autosomal recessive disorder (8, 12, (23) (24) (25) (26) (27) (28) 30, 31, (15) (16) (17) (18) (19) (20) (21) (22) .
In our study, we investigated one Native American patient from a family who lives in a high-altitude indigenous community (2,418 MASL) located north of the Ecuadorian highlands. Regarding the analysis of ancestry informative markers, the Native American ancestry of patient was the most prevalent with 87.8% followed by African ancestry with 6.6% and European ancestry with 5.6% (Fig 2a-c) . Therefore, this is the first case from the high-altitude Ecuadorian indigenous population reported worldwide.
Nine years of clinical record have shown that the patient with CIPA has presented several health problems such as bone fractures, self-mutilation, osteochondroma, intellectual disability, Riga-Fede disease, ulcers and fever. In addition, it is important to mention that the consanguinity of their ancestors is an important factor for the patient to have this autosomal recessive disease (Fig 1a-e ).
The NTRK1 pathway is responsible for innervating skin through sensory axons, as well being essential for the survival of pain receptors and maintenance of autonomic sympathetic postganglionic neurons (43) . Through this pathway, sympathetic neurons regulate sweating, piloerection and vasoconstriction in hot and cold environments. On the other hand, the DNA genomic analysis through next-generation sequencing showed that the CIPA patient presented 68 pathogenic and/or likely pathogenic variants in 45 genes (Table 2) . After an enrichment analysis of GO(41), only 28 genes were involved in almost one of the categories showed as a heatmap in In regard to the networking analysis, the PPi between genes with pathogenic and/or likely pathogenic variants and the pain matrix genes demonstrates that NTRK1 interacts with NGF, BDNF and TRPV1. NGF and BDNF are involved in nervous system development and response to stimulus. TRPV1 is involved in nervous system process and response to stimulus. GRM6 interacts with CNR1, DPRD1, CNR2, BDKRB2, OPRK1, BDKRB1, OPRM1 and CX3CR1. OPRK1, OPRD1, CNR2 and BDKRB1 are involved in nervous system process, response to stimulus and neuroactive ligandreceptor interaction pathway. OPRM1 and CNR1 are involved in nervous system process, response to stimulus, neuroactive ligand-receptor interaction pathway and nervous system development. BDKRB2 is involved in neuroactive ligand-receptor interaction pathway and response to stimulus. CX3CR1 is involved in nervous system process, response to stimulus and nervous system development. Lastly, SPTBN2
interacts with SCN1A, KCNQ3, KCNQ2, SCN11A, SCN10A, SCN8A and SCN9A.
SCN11A, SCN1A and SCN9A are involved in nervous system process and response to stimulus. SCN8A is involved in nervous system development and process. SCN10A is involved in nervous system process. KCNQ2 is involved in nervous system development and the neuronal system pathway. Lastly, KCNQ3 is involved in the neural system pathway (41, 49, 50) .
This PPi network can contribute to understand how different genes with pathogenic variants influence the development of symptoms and health problems in patients with CIPA worldwide.
In conclusion, we conducted for the first time clinical, ancestral, genomics, PPi networking and GO enrichment analyses in a high-altitude Native American (indigenous) Ecuadorian patient with CIPA and with family history of consanguinity, whose results were associated with the pain matrix gene in order to find new genes associated with the pathogenesis of this complex and infrequent genetic disease.
MATERIALS AND METHODS
Biological samples. Skin biopsy of sternal region was taken to analyze presence or absence of nerve terminals by immunohistochemical staining for S100 protein.
Additionally, peripheral blood samples were extracted from CIPA patient and her 
